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ABSTRACT 

In a search for cataclysmic variables in the Calan-Tololo Survey we have detected 
21 systems, 16 of them previously unknown. In this paper we present detailed time- 
series photometry for those six confirmed cataclysmic variables that show periodic 
variability in their light curves. Four of them turned out to be eclipsing systems, while 
the remaining two show a modulation consisting of two humps. All derived periods 
are below, or, in one case, just at the lower edge of the period gap. 

Key words: surveys - binaries: close - binaries: eclipsing - novae, cataclysmic vari- 
ables - dwarf novae 



1 INTRODUCTION 

Cataclysmic variables (CVs) are close interacting binaries 
where a white dwarf primary accretes matter from a late- 
type main-sequence star. In absence of strong magnetic fields 
on the primary star, an accretion disc is formed, where the 
matter transferred from the secondary star spirals inwards 
until it is accreted b y the white dwa rf. For a comprehensive 
overview on CVs see IWarnerl lll995ll . 

The general evolution from the detached binary to the 
semi-detached state of a CV, and the subsequent long-term 
evolution to shorter orbital periods is thought to be driven 
by orbital angular momentum losses due to gravitational 
radiation and magnetic braking. Theoretical models based 
on this scenario imply that a CV should evolve down to 
an orbital period of ~2 h in less than 10® yr. The evolu- 
tionary lifetime of CVs near the shortest period (~80 min) 
should become drastically longer, as the thermal timescale 
of the secondary star becomes longer than the timescale of 
angular momentum loss by gravitational radiation. This be- 
haviour should cause a "spike" in the orbital period distri- 
bution at the minimum period, as systems "pile up" at this 
point jKolbl Il993l : IStehle. Kolb fc Kitted Il997t iPattersonI 
|l993)- The theoretical pre dictions for this min imum pe- 
riod range up to ~70 min fKol b fc Bara^ll999l) . Popula- 
tion synthesis calculations predict a space density ~10~^ 
pc~^, with 99% of the CVs having periods shorter than 2 
h, and 70% even having passed the turning point at the 
minimum period, with the now degenerate secondaries forc- 
ing an evolution towards longer orbital periods jKolblll993t 
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However, there exists a strong mismatch between these 
predictions and the actually observed sample. Observational 
estimates from large-area surveys derive a spa ce density 
roughly a factor 10 lower than the predicted one dPattersorJ 
^98, and references therein) . The observed period distribu- 
tion of CVs shows only about half of the sources to have a n 
orbital period below the period gap jRitter fc Kolbll2003l) . 
The minimum of the observed period distribution is at ~78 
min, and there is no evidence of an enhancement in the 
numb er of sources close to this period (e.g.. Barker fc Kofbl 
l2003h. 



Alternative evolutionary models have been proposed 
(e.g.. King fc Scherikcr 2002; Spruit & Taam 2001). More 
significantly, the strength of the magnetic breaking, which 
is one of the fundamental ingredients in the stan- 
dard model, appears to be much w eaker than assumed 
jAndronov. Pinsonneault fc Sillj |2003^ . However, the dis- 
crepancies described above can (at least partly) be the result 
of the observational biases affecting the sample of CVs, and 
this should be explored before discarding the standard (and 
in other respects quite successful) model. 

In the standard model, the "missing" part of the pop- 
ulation is thought to be dominated by low mass-transfer 
rate, short period dwarf novae, which are intrinsically very 
faint and show only very infrequent outbursts. Especially 
the relatively bright magnitude cut-off of large-scale sur- 
veys conducted hithe rto (Palomar-Green, Edinburgh-Cape 
Blue Object Survey: ICreen et aljlT98^ : IStobie eral]|l99l 
respe ctively) make them strongly biased against these sys- 
tems JPattersonlll984l : IShara et alJll986l) . 
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The low mass-transfer rate dwarf novae we are look- 
ing for are expected to have a fairly blue conti nuum and 
strong hydrogen emission lines (see, e.g., Fig. 6 in lPattersorJ 
[l984). This emphasises the importance of using deep spec- 
troscopic and photometric surveys for a systematic search 
for CVs. First results from such surveys have become avail- 
able recently (e.g., the H amburg Quasar Survey arid the 
Sloan Di gital Sky Survey; 'Gan sicke. Haeen fc Engeyi2002l: 
ISzkodv et al . 2002, 200i respectively). 

Starting in 1996, we have conducted a survey of can- 
did ate CVs selected from the Calan-Tololo Survey (CTS; 
see lMaza et aljri989l . and references therein). The CTS has 
been designed to search for emission-line galaxies, quasars 
and galaxies with strong UV excess using objective prism 
plates. The spectra cover the wavelength range from ~5300 
A down to the atmospheric cut-off. The survey includes 5150 
deg^, i.e. | of the whole sky, in the southern hemisphere 
with |6| J5 20°. The typical limiting magnitude of the plates 
is Bj ~18.5. About half of the CTS plates (~2100 deg^) 
had been examined in 1996, and those sources showing a 
blue continuum and hydrogen emission lines were selected 
as candidate CVs, yielding a sample of 59 objects. Follow-up 
observations identified 21 targets as definite CVs, including 
16 previously unknown systems of which 4 CVs have been 
independently discovered by other s urveys in the meantime 
jTappert. Augusteiin fc Mazall20o3) . 

In this paper we present detailed data for those CVs 
that show photometric modulations we believe to reflect 
the orbital periods. In future papers we will present time- 
resolved spectroscopy for the remaining CVs without previ- 
ously known periods, and discuss the complete sample. 



2 OBSERVATIONS AND REDUCTIONS 

Follow-up observations for all objects in the original sam- 
ple were conducted at ESO telescopes in the form of opti- 
cal spectroscopy, calibrated and time-series photometry. The 
dates and instruments used for the observations presented 
here are summarised in Tables and |21 

The photometric data were obtained, with one excep- 
tion, at the 0.9 m Dutch telescope, which was equipped 
with a 512x512 pixel CCD. One observing run for CTCV 
J0549-4921 was conducted on the ESO/MPI 2.2 m using a 
test camera equipped with a Gunn r fllter. Reduction was 
performed using IRAF routines for BIAS and flatfield cor- 
rection. Aperture photometry w as obtained with IRAF's 
daophot package llStetsonlll993) . and the differential light 
curves were computed with respect to one or more suitable 
comparison stars that were checked for constancy. 

Calibrated magnitudes for the systems were determined 
by single B, V, R exposures and subsequent comparison 
with suitable (i.e., non-variable) stars within the target's 
CCD frame, w hich in return were calibrated with respect to 
iLandoltl (Il992h standards. The colour information derived 
from the calibrated photometry will be analysed in the con- 
cluding paper. 

The spectroscopic data were taken at the Danish 1.54 m 
and the ESO/MPI 2.2 m telescopes. After bias and flatfield 
correction the spectra were calibrated in wavelength using 
Helium-Neon (1.54 m telescope) and Helium-Argon (2.2 m 
telescope) lamps. Flux calibration was performed with re- 



spect to standard stars observed in t he s ame night. The 
flux calibrated spectra were folded with lBes scll (1990) filter 
curves to obtain photometric magnitudes. By comparison 
with the values derived from the acquisition frames (typi- 
cally an exposure in the V or R fllter) we determined the 
slit losses. Extreme values ranged from 0.2 mag (CTCV 
J1300-3052) to 1.1 mag (CTCV J0549-4921) with most 
values around 0.4 mag. Folding the spectra with more than 
one filter furthermore yielded photometric colours. Compar- 
ison with BVR photometry taken of the target in a simi- 
lar brightness state showed an agreement in colour within 
0.05 mag. For CTCV J2354-4700, no acquisition frame was 
available, hence the accuracy of the flux calibration could 
not be tested in this case. 



3 RESULTS 

For the majority of the systems we have measured the arrival 
times of humps or eclipses by fitting a polynomic function of 
second order to the periodic features. Since the uncertain- 
ties of the arrival times resulting from the parabolic fit are 
usually smaller than the real variation (e.g., due to changes 
in the profile of the feature caused by flickering), we have as- 
sumed identical uncertainties for all arrival times for a given 
source and scaled them to give a reduced = 1.0 for the fit 
to the arrival times to determine the ephemeris. For these 
sources with a well defined feature in their light curve, the 
cycle count between the times of arrival of the feature were 
unambiguous and the period could be derived directly. 

In the two cases where this approach was not possi- 
ble, we have computed period ograms based on the analysis- 
of-variance (AOV) algorithm iSchwarzenberg-Czernviri989l) 
as implemented in MIDAS. A Monte Carlo simulation 
was applied in order to test the signiflcance of alias 
peaks and to obtain an e r ror estimation for the perio ds 
llTappert fc BianchinjIioO^ iMennickent fc TapperdboO j) . 

3.1 CTCV J0549 4921 

The spectroscopic appearance of CTCV J0549— 4921 is that 
of a typical dwarf nova, with moderately strong H and He I 
emission (Table |^. No signatures of the secondary star are 
detected (Fig.[TJ. 

Time-series photometry of the system was taken on 
two occasions. During the flrst run in 1996, it proved to 
be in outburst, without showing any obvious periodic fea- 
tures (Fig. The second run, in 1998, caught the CV in 
a ~2.2 mag fainter state (we have no information on the 
colour V — R, bu t typical values for CVs are 0.1-0.5 mag; 
lEchevarn'alll984ft . The light curves (Fig. |HJ over 5 nights 
show little variation of the average value, and we therefore 
assume that the system was in, or close to, quiescence. The 
most prominent feature in these light curves is a periodic 
hump with an amplitude of ~0.5 mag. A second, smaller 
and more distorted, hump is also present. 

We have measured the arrival times of the maximum 
of the primary hump by fitting a second order polynomial 
function to the hump. The results are given in Table |1] The 
linear regression yields the ephemeris 

To = HJD 2 451 118.8019(22) + 0.080 218(70) E, (1) 
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Table 1. The photometric observations, n^ata gives the number of data points, 4oxp the individual exposure time, At the time range 
covered by the observations, and Vkv the average V magnitude during the run. 



CTCV 




R-A.J2000 


DECj2ooo 


date 


HJD 


telescope 


filter 




"dat 


a icxp [s] 


At [h] 


Vav 


J0549- 


-4921 




—49-21 -56 




2 450 362 


0.9 


m 


y 




168 


20 


2.55 


13.75 










1 QQR 1 n OR 


^ '-t'j\J ouo 


0.9 


m 


Y 




125 


20 


1.79 


13.79 










1 QQfi-1 0-07 


2 4'^0 

'-t\J\J 'JKJ'-i 


0.9 


m 


Y 




65 


20 


0.93 


14.52 












9 1 1 R 


2.2 


m 






184 


20 


3.16 


16.86"^ 










1QQR-1 1-01 


2 451 119 


2.2 


m 


Gunn 




224 


20 


3.71 


gg2 










1998-11-02 


2 451 120 


2.2 


m 


Gunn 


r 


246 


20 


4.24 


16.922 










1998-11-03 


2 451 121 


2.2 


m 


Gunn 


r 


242 


20 


4.25 


17.10^ 










1998-11-04 


2 451 122 


2.2 


m 


Gunn 


r 


244 


20 


4.07 


17.092 


J1300- 


■3052 


13:00:29.1 


-30:52:57 


1996-04-23 


2 450197 


0.9 


m 


V 




74 


120 


6.44 


15.721 










1996-04-24 


2 450198 


0.9 


m 


V 




154 


60/120 


4.88 


I5.53I 










1997-04-28 


2 450 567 


0.9 


m 


V 




306 


30/60 


6.76 


I8.671 


J1928- 


■5001 


19:28:32.6 


-50:01:34 


1996-07-08 


2 450 273 


0.9 


m 


V 




55 


240/80 


3.09 


I7.79I 










1996-07-09 


2 450 274 


0.9 


m 


V 




197 


60 


5.21 


17.871 










1996-07-30 


2 450 295 


2.2 


m 


V 




47 


15/120 


3.12 


17.8OI 


J2005- 


■2934 


20:05:51.2 


-29:34:58 


1996-10-05 


2 450 362 


0.9 


m 


V 




169 


30 


2.90 


15.91 










1996-10-07 


2 450 364 


0.9 


m 


V 




164 


30 


2.81 


15.92 


J2315- 


■3048 


23:15:31.9 


-30:48:46 


1996-10-06 


2 450 363 


0.9 


m 


V 




124 


60 


3.14 


I6.83I 


J2354- 


■4700 


23:54:20.4 


-47:00:20 


1996-10-03 


2 450 360 


0.9 


m 


V 




24 


240 


1.78 


I8.87I 










1996-10-04 


2 450 361 


0.9 


m 


V 




66 


180 


3.83 


19.021 



(1) out-of-eclipse value, (2) Gunn r magnitude 



Table 2. The spectroscopic observations. Columns include the exposure time tcxp, the wavelength range AA, the resolution AApwHMi 
and the V magnitude of the object at the time of the spectroscopic observations. The latter was determined from the acquisition frames. 



CTCV 




date 


tel. / instr. 


grism 


sUt [ 


"] tcxp [S] 


AA [A] 




AAp-wHM [A] 


V [mag] 


J0549- 


■4921 


1996-10-09 


1.54 m / DFOSC 


11 


1.5 


5400 


4340 - 


9750 


16 


16.351(15) 


J1300- 


■3052 


1996-07-31 


2.2 m / EFOSC2 


1 


1.0 


3600 


3800 - 


10500 


30 


18.730(33) 


J1928- 


■5001 


1996-07-30 


2.2 m / EFOSC2 


1 


1.0 


3600 


3800 - 


10500 


30 


17.834(12) 


J2005- 


■2934 


1996-07-30 


2.2 m / EFOSC2 


1 


1.0 


600 


3800 - 


10500 


30 


15.349(06) 


J2315- 


■3048 


1996-07-30 


2.2 m / EFOSC2 


1 


1.0 


1200 


3800 - 


10500 


30 


16.960(21) 


J2354- 


■4700 


1996-07-29 


2.2 m / EFOSC2 


1 


1.0 


2x900 


3800 - 


10500 


30 


19.701 



(1) spectrophotometric magnitude, not corrected for slit losses 



with E giving the cycle number. Fig. 0] presents the 1998 
light curve folded on this period. 

Light curves containing variable double humps repre- 
sent a phenomenon commonly seen i n low mass-transfer rate 
dwar f novae (e.g., iPattersonlllQSOl : lAugusteiin fc Wisotzkil 
I1997I. for WZ Sge and BW Scl, respectively). Within our 
sample we find corresponding features also for CTCV 
J2005-2934, CTCV J2315-3048, and CTCV J2354-4700. 
In the latter two systems, the additional presence of an 
eclipse proves the orbital nature of the double hump. The 
usual explanation is that the humps correspond to the bright 
spot that is caused by the impact of the gas stream from 
the secondary star on the accretion disc, and which is seen 
at inferior (primary hump) and superior (secondary hump) 
conjunction. Within this picture, our (arbitrary) phase of 
the maximum of the primary hump in CTCV J0549— 4921 
should translate to an orbital phase of ~0.8 with respect to 
superior conjunction of the white dwarf. 



3.2 CTCV J1300 3052 

This object shows a composite spectrum with features from 
all three components: the typical strong emission lines from 



Table 4. Arrival times of the primary hump for CTCV 
J0549— 4921. The uncertainties are those of the parabolic fit. The 
estimated uncertainty scaled with the reduced for arrival 
times is 3.4 X lO""^ d (see text). 



cycle 


HJD 





2 451 118.7983(05) 


12 


2 451 119.7701(13) 


13 


2 451 119.8417(08) 


24 


2 451 120.7306(09) 


25 


2 451 120.8063(07) 


36 


2 451 121.6889(12) 


37 


2 451 121.7729(19) 


49 


2 451 122.7310(14) 


50 


2 451 122.8122(18) 



the accretion disc, which in the blue part of the spectrum 
are embedded in broad, shallow absorption troughs from the 
white dwarf primary, and the red continuum and absorption 
bands from the secondary star f Fip|.[T]l. A rough comparison 
with sta ndard star catalog ues d.Tacobv. Hunter fc CristianI 
1984; Sil va fc CornelJll992li indicates an early M type for 
the latter. 



4 C. Tappert et al. 



CTCV J0549-4921 



CTCV J1300-3052 



^ 10 - 




5000 6000 7000 8000 

Wavelength [A] 

CTCV J1928-5001 



4000 



4000 



6000 8000 
Wavelength [A] 

CTCV J2315-3048 



9000 




10000 




6000 8000 
Wavelength [A] 




4000 



„ 10 



4000 



6000 8000 
Wavelength [A] 

CTCV J2005-2934 




6000 8000 
Wavelength [A] 

CTCV J2354-4700 




5000 



6000 7000 
Wavelength [A] 



8000 



Figure 1. Spectra of the 6 CTCV sources as indicated. The absorption feature at A7440 for CTCV J2354— 4700 is an artifact. 



We have observed the system photometrically in two 
different years, which proved it to be in a state of increased 
brightness during the first observing run in 1996. The light 
curves of both runs are given in Fig. |S] It shows the system 
with a ~3 mag deep eclipse in quiescence. In the system's 
high state the eclipse depth is diminished to mag. 

We have fitted second order polynomial functions to 
the eclipse data in order to determine the times of mid- 
eclipse. The results are given in Table |3 Unfortunately, a 



period analysis could not be performed on the combined 
data set, since the time span between the two observing runs 
proved too large for an unambiguous cycle count. Linear fits 
to the mid-eclipse timings for the individual runs yielded the 
ephemerises 

To = HJD 2 450197.565 33(26) 4-0.088 981(32) E, (2) 
for the 1996 data, and 
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Table 3. Equivalent widths (in A) of the most prominent emission lines. A blank field indicates that this part of the spectrum was not 
covered with our observations, a ' — ' that the corresponding line was not detected. 



CTCV 




Balmer 








He I 






He II 


Fell 
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4340 


4861 


6563 


4471 


5016 
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7065 
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Figure 2. Light curves for the 1996 data of CTCV J0549-4921. 
Note that the relative magnitude range is the same for all plots. 
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Figure 3. Light curves for the 1998 data of CTCV J0549-4921. 



To = HJD 2 450 567.559 19(29) + 0.088 85(24) E, 



(3) 



for the 1997 data, with E giving the cycle number. Within 
the errors, both periods are consistent with each other. This 
period places the system close to the lower edge of th e CV 
period gap (e.g. Fig. 13 in lTappert fc Bianchinill2003D . 

The quiescence data folded on its ephemeris shows a 
'classical' shape of a broad hump prior to eclipse (F ig. El, 
very similar e.g. to that of U Gem ('Krzeminskil ll965l) . The 
outburst hght curve shows large, apparently irregular, vari- 
ations from cycle to cycle (Fig. [7J . A noteworthy feature of 
these data is the smaller depth and the larger width of the 
eclipse with respect to the quiescence data (~ 1 mag and 
30 min for the full eclipse width compared to ~ 3 mag and 



19 min), as a consequence of increased disc luminosity and 
radius. 

A more detailed study of the eclipse light curve and 
additional follow-up spectroscopic observations will be pub- 
lished elsewhere (Augusteijn et al., in preparation). 



3.3 CTCV J1928-5001 

The spectrum of this object (Fig.0 also shows contributions 
from multiple components. In the red part we see the signa- 
tures of the secondary st ar whose spectral typ e appears to be 
slightly later than M5V l|,Tacobv et alJll984ri . The blue part 
is dominated by the Balmer absorption lines from the white 
dwarf primary. The source was identified as a Polar (or AM 



6 C. Tappert et al. 



CTCV J0549-4931 



-0.4 
-0.2 
0.0 
0.3 




1.0 
Phase 



Figure 4. Light curve for CTCV J0549-4921 folded on P = 
0.080 239 d. The zero point of the phase has been set to the first 
data point. The symbols in the upper plot refer to the individual 
data sets from 1998-10-31 (o), 11-01 {□), 11-02 (A), 11-03 (x), 
and 11-04 (O). The error bars from phase to 1 correspond to the 
photometric error as in Fig. |21 The lower plot shows the average 
light curve. The bin size is 0.05 phases. 
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Figure 5. Light curves for CTCV J1300-3052 from 1996-04-23 
(top), 1996-04-24 (middle), and 1997-04-28 (bottom). Note that 
the y-axis of the bottom plot has a different scale. 



Table 5. Eclipse timings for CTCV J1300-3052. Due to the cycle 
ambiguity between both data sets, each refers to its individual 
zero point. The estimated error scaled by the reduced for the 
1996 data amounts to 3.4 X 10"* d. For the 1997 data, the errors 
resulting from the parabolic fit already gave reasonable residuals. 
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HJD 


1996: 







2 450197.56512(05) 
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11 


2 450198.543 86(08) 


12 
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1997: 
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2 450 567.736 90(34) 
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Figure 6. The 1997 light curve for CTCV J1300-3052 folded on 
the ephemeris given in Eo. l3l 



CTCV J1300-3053 



a 

id 
S 

> 



16 



17 - 



X .r- 



OOOooOOgSSo + 



0.2 



0.4 O.i 
Phase 



Figure 7. Phase folded outburst data CTCV J1300-3052 with 
respect to the ephemeris given in Eq.|21 Different symbols indicate 
different orbital cycles: o, □, A, o, for cycles -1, 0, 1, 2 (1996-04- 
23), and dot, +, X, for cycles 10, 11, 12 (1996-04-24), respectively 
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Figure 8. Out-of-cclipse (loft) and mid-eclipse (right) V image 
of CTCV J1928-5001 from 1996-07-30. 
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Figure 9. Light curve of CTCV J1928-5001 from 1996-07-09. 

The magnitudes represent the combined data from the CV and 
its close visual companion {V = 18.5) 



Her) type CV by follow-up spectroscopic and polarimetric 
observations which will be published elsewhere (Potter et 
al., in preparation). 

The object is a close visual binary with a separation « 
2'.'4. Additionally, the CV is a deeply eclipsing system (Figs. 
|H| O . Mid-eclipse photometry of the companion gave V = 
18.52(1) mag, yielding out-of-eclipse values for the CV of V 
— 17.7-18.0 mag. In order to estimate the mid-eclipse mag- 
nitude of the target, we subtracted the average PSF from 
the companion on an eclipse frame. Aperture photometry 
on the residual yielded V = 21.05(30). Note, however, that 
the error is a purely photometric one, and does not take into 
account uncertainties in the PSF fitting or in the time devi- 
ation from true mid-eclipse, especially since the exact shape 



Table 6. EcUpse timings for CTCV J1928-5001 as measured 
with a polynomial fit of second order. The estimated uncertainty 
scaled by the reduced is 1-8 X 10^* d. 



cycle 


HJD 


-15 


2 450 273.728 37(14) 


-14 


2 450 273.798 92(08) 


-1 


2 450 274.71102(15) 





2 450 274.78139(08) 
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2 450 274.85129(16) 
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2 450 295.694 26(06) 
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Figure 10. All three light curves of CTCV J1928-5001 folded 
on the ephemeris given in Eq. |1] The upper plots shows the dif- 
ferential magnitudes (the CV plus companion) to give an idea of 
the brightness variations of the system in its low state. The lower 
plot represents a close-up of the out-of-eclipse data. The latter 
light curves have been normalised individually by subtracting the 
corresponding out-of-eclipse average magnitude. In both plots the 
symbols X and A from phases 1 to 2 refer to the 1996-07-08 and 
1996-07-30 data, respectively, while the dots represent the 1996- 
07-09 data. The error bars from phases to 1 correspond to the 
individual photometric errors. 



of the eclipse light curve is unknown. Therefore, deep mid- 
eclipse photometry will be needed to accurately determine 
the eclipse depth. 

A linear fit to the timings of mid-eclipse (Table |SJ 
yielded an ephemeris 



To = HJD 2 450 274.781 24(08) + 0.070 179(01) E, 



(4) 



with the error of the zero cycle referring to the error of 
the linear regression. Fig. 1101 shows the corresponding light 
curve. 



3.4 CTCV J2005 2934 

Although the spectrum of this system displays all basic in- 
gredients of a typical dwarf nova, it is peculiar in that its 
Hq line is unusually strong, especially in comparison to the 
other Balmer lines (Fig.[Tl Table OJ. 

The photometric data was taken in two nights, with 
each data set spanning a very similar time range. The 
light curves are presented in Fig. 1111 Other than in the 
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Figure 11. Light curves for CTCV J2005-2934 from 1996-10-05 
(top) and 1996-10-07 (bottom). 



Table 7. Frequencies /, corresponding periods P, and the dis- 
criminatory power pd from the Monte Carlo simulation on the 
CTCV J2005-2934 data. 
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Figure 13. Normalised light curve for CTCV J2005-2934 folded 
on P = 0.062 887 d. The zero point of the phase has been set to 
the first data point. The symbols in the upper plot refer to the 
individual data sets from 1996-10-05 (x) and 1996-10-07 (□). The 
error bars from phase to 1 correspond to the photometric error 
as in Fig. 1111 The lower plot shows the average light curve. The 
bin size is 0.05 phases. 



/ [eye d-i] 


P [d] 


Pd 


ID 


14.901(15) 


0.067111(69) 


0.000 


Pi 


15.398(05) 


0.064 943(21) 


0.091 


P2 


15.902(09) 


0.062 887(37) 


0.637 


Pi 


16.401(04) 


0.060 972(14) 


0.272 


Pa 


16.892(07) 


0.059 200(25) 


0.000 


P5 



CTCV J0549-4921 data, the time range and the number 
of covered humps are insufficient to use the arrival times 
of the principal hump to derive the period. Additionally 
the hump appears less constant in shape than the one of 
CTCV J0549-4921. After subtracting the nightly averages, 
we therefore applied the AOV algorithm to the combined 
data set. The corresponding periodogram shows a number 
of sharp peaks centred on / ~16 eye d~^. For our Monte 
Carlo simulation we compared the five highest peaks. The 
corresponding frequencies and the resulting discriminatory 
power for a specific frequency over the other four are listed 



CTCV J2005-2934 
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Figure 12. AOV periodogram for the CTCV J2005-2934 data. 
The inlet shows a close-up of the main peaks. 



in Table Q Thus, P3 emerges as the most probable period, 
while we can certainly discard Pi and P5. However, espe- 
cially P4 still represents an important alias, and additional 
observations will be necessary to properly assign the orbital 
period. 

In Fig. 1131 we present individual fight curves and the 
average one folded on the most probable period P3. Phase- 
folding on P2 or P4 yields very similar scatter and basically 
identical phasing of the main features. The fight curve is in 
principle similar to tfiat of CTCV J0549— 4921 in that it con- 
sists of two humps of different size. Their amplitudes, how- 
ever, are only half as strong as those in CTCV J0549— 4921, 
which could mean that CTCV J2005— 2934 is seen at a some- 
what lower inclination. Using the same interpretation for the 
nature of these humps, orbital phase ~0.8 should correspond 
to our arbitrary phase 0.03 for the maximum of the primary 
hump. 

3.5 CTCV J2315 3048 

This object shows a very typical spectrum of a dwarf nova in 
quiescence with strong emission lines of the H and He series 
(Fig. Table O . It has been independently discov ered as 
the R OSAT source IRXS J231532.3-304855 ( Schwop e et alJ 
I2OOOI) and in the Edinburgh-Cape Blue Object Survey as 
EC 23128-3105 llChen et alJl200ll) . The latter authors de- 
rive an orbital period P = 0.0584(2) d from time-resolved 
spectroscopy. They furthermore find a strong orbital modu- 
lation in a pfiotometric light curve from 1991, and report a 
possibly transient feature resembling a shallow eclipse. 

We have observed the system in one night 5 years 
later, with the data set covering roughly 2.25 orbital cy- 
cles. The fight curve is presented in Fig. 1141 Tfie AOV pe- 
riodogram yields two broad peaks corresponding to P and 
P /2. Since with our data set we cannot obtain the accuracy 
of IChen et alj (|20^) in the period determination, we have 
used their value to compute a phase-folded fight curve (Fig. 
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Figure 14. Light curve for CTCV J2315-3048 from 1996-10-06. 
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Figure 15. Light curve for CTCV J2315-3048 folded on the 
ephemeris given in Eq.|F] The data have been normalised by sub- 
tracting a polynomial of second order. For the fit the eclipse data 
and the first hump were excluded. The data set in the upper plot 
has been divided into three parts, each corresponding to a dif- 
ferent orbital cycle (—2 = X, —1 = □, = A). The error bars 
from phase to 1 correspond to the photometric error as in Fig. 
1141 The lower plot shows the average light curve with a bin size 
of 0.05 phases. The y-scale ha s been set in such a way to enable 
direct comparison to Fig. 3 of lChen et al.l 1200 J) . 



The presence of strong flickering has a distorting effect 
within an individual orbital cycle. However, in our average 
light curve we find the same principal features as in Chen 
et al.'s data (their Fig. 3). Of special interest is that we 
also detect an eclipse-like dip just after the primary maxi- 
mum. Chen et al. report that this feature is not found in all 
their light curves. Also in our data the first eclipse feature 
is much less evident than the second one. By simply taking 
the average in time for the two data points that define the 
second eclipse, and which have the same magnitude within 
the errors, we obtain an ephemeris 

To =HJD 2 450 363.711 90(53) 0.058 4(2) E, (5) 

with the periodic term taken from JChen et al.ll200J) . The 
error for the zero cycle corresponds to half of the separation 
of the two data points, and is therefore likely to be somewhat 
overestimated. 
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Figure 16. Light curves for CTCV J2354-4700 from 1996-10-03 
(top) and 1996-10-04 (bottom). 



Table 8. Times of mid-eclipse for the CTCV J2354-4700 data. 



cycle 


HJD 





2 450 360.66145(56) 


16 


2 450 361.709 80(47) 


17 


2 450 361.775 80(46) 



3.6 CTCV J2354-4700 



The spectrum of this object is very similar to the one of 
CTCV J2315— 3048, i.e. of a dwarf nova in quiescence (Fig. 

m 

CTCV J2354— 4700 was observed on two subsequent 
nights. Fig. 1161 presents the resulting light curves, and Ta- 
ble |H| lists the times of mid-eclipse which were obtained by 
fitting a second order polynomial to the eclipse data. 

A linear fit to these times yielded the ephemeris 



To = HJD 2 450 360.661 43(56) + 0.065 538(39) E. 



(6) 
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Figure 17. The 1996-10-04 light curve of CTCV J2354-4700 
folded on the ephemeris given in Eq. |H] The symbols in the plot 
refer to different orbital cycles (15 = X, 16 = □, 17 = A). The 
data have been normalised by subtracting a linear fit to the data 
(excluding humps and eclipses) with a slope of 2.59 mag d~^. 
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Table 9. Summary of the orbital periods for the six CVs. 



object 



P[d] 



P [h] 



CTCV J0549-4921 
CTCV J1300-3052 
CTCV J1928-5001 
CTCV J2005-2934 
CTCV J2315-3048 
CTCV J2354-4700 



0.080 218(70) 
0.088 981(32) 
0.070179(01) 
0.062 887(37) 
0.058 4(2) 
0.065 538(39) 



1.9252(17) 
2.135 54(77) 
1.684 296(24) 
1.5093(09) 
1.402(05) 
1.5729(09) 



notes 



[1] 
[1] 
[2] 

[1], [3] 
[1] 



1] eclipsinSi [2] most probable alias, [3] period from 



IChen et aU O 
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Both data sets for CTCV J2354-4700 show steadily 
declining light curves. Linear fits, excluding the humps and 
eclipses, yielded slopes of 1.05(49) mag d~ and 2.59(24) 
mag d"^ for the 1996-10-03 and the 1996-10-04 data, respec- 
tively. Since on both dates the average magnitudes are very 
similar, it is clear that at least the value for the first night 
does not reflect the system's behaviour over a longer period 
of time. Therefore, either the CV has undergone some slow, 
non-orbital, variations between the two nights, or the decline 
(perhaps in both nights) is artificial. For the 1996-10-04 data 
the airmass has been continuously increasing (from 1.05 to 
1.58), and 3 of the 5 stars in the average comparison light 
curves are very red with B — V ^ 0.9, raising the suspicion 
that the decline may be due to differential extinction. How- 
ever, light curves for the target computed with respect to the 
bluest (B - V = 0.4) and the reddest (B - 1/ = 1.5) compar- 
ison star yield nearly identical decline rates. Computing the 
difference light curve of the two comparison stars with the 
most extreme colour coefficient we do find the signature of 
differential extinction in the form of a decline of ~0.1 mag 
d~^ for both nights (in the first night, the standard devia- 
tion of the slope even still includes a constant light curve). 
In the average light curve, this effect can be assumed to be 
even less pronounced. We therefore do not find any indica- 
tion for an artificial origin of the observed decline, but due 
to the rather limited amount of data we have to leave the 
question on the cause of this apparent long-term variation 
to be answered by future studies. 

In order to fold the data on the above ephemeris, 
we have subtracted the linear decline from the 1996-10-04 
data. Fig. 1171 presents the such normalised, phase-folded, 
light curve. Its shape is very similar to that of CTCV 
J1300— 3052, although in the latter both the amplitude 
of the hump and the depth of the eclipse are roughly 
twice as strong, suggesting a lower inclination for CTCV 
J2354-4700. 



4 SUMMARY 

We have presented the results of time-series photometry for 
six CVs that were detected in the Calan-Tololo Survey, and 
where we find photometric variations that we believe to be 
modulated with the orbital period. For five of the systems we 
derived this previously unknown period, and in the case of 
CTCV J2315— 3048 we have confirmed the existence of an 
eclipse, which h as been prev i ously discussed as a possibly 
transient feature IChen et alJ i200ll) . The resulting periods 
for all systems are summarised in Table |5| 
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APPENDIX A: FINDING CHARTS 

We here present 5' x 5' finding charts for the 6 CVs. 
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